Many people routinely criticise themselves. While self-criticism is largely unproblematic for most individuals, depressed patients exhibit excessive selfcritical thinking, which leads to strong negative affects. We used functional magnetic resonance imaging in healthy subjects (N ¼ 20) to investigate neural correlates and possible psychological moderators of self-critical processing. Stimuli consisted of individually selected adjectives of personally negative content and were contrasted with neutral and negative non-self-referential adjectives. We found that confrontation with self-critical material yielded neural activity in regions involved in emotions (anterior insula/hippocampus-amygdala formation) and in anterior and posterior cortical midline structures, which are associated with self-referential and autobiographical memory processing. Furthermore, contrasts revealed an extended network of bilateral frontal brain areas. We suggest that the co-activation of superior and inferior lateral frontal brain regions reflects the recruitment of a frontal top-down pathway, representing cognitive reappraisal strategies for dealing with evoked negative affects. In addition, activation of right superior frontal areas was positively associated with neuroticism and negatively associated with cognitive reappraisal. Although these findings may not be specific to negative stimuli, they support a role for clinically relevant personality traits in successful regulation of emotion during confrontation with self-critical material.
INTRODUCTION
Human beings routinely compare themselves to internalised standards and normally strive to minimise the gap between differing representations of the self; these gaps are known as self-discrepancies. Disagreement between how people see themselves and how they want to be seen by others may cause emotional and psychological derangement (Higgins, 1987 ) that may surface as harsh self-criticism. Self-criticism is a form of negative self-judgment and self-evaluation, and it may concern various aspects of the self, such as physical appearance, social behaviour, inner thoughts and emotions, personality characteristics and intellectual abilities (Gilbert and Miles, 2000) . The potentially harmful impact of self-criticism on mental health and its central involvement in depressive pathology (Blatt, 1982; Carver, 1983) raise the question of how healthy people deal with perceived selfdiscrepancies without experiencing adverse consequences.
Although a number of recent studies investigated the neural network involved in self-referential processing of healthy participants (see Qin and Northoff, 2011 for an overview) and depressed patients (Grimm et al., 2009; Johnson et al., 2009; Lemogne et al., 2012; Yoshimura et al., 2013) , the neural correlates of harsh self-criticism are less understood. In a recent functional magnetic resonance imaging (fMRI) experiment, Longe et al. (2010) confronted healthy participants with various scenarios focusing on personal setbacks, mistakes or failures. Compared with neutral scenarios, self-critical processing was associated with activity in the lateral frontal cortex and the dorsal anterior cingulate cortex (ACC), suggesting possible associations between selfcritical thinking, error processing and behavioural inhibition (Longe et al., 2010) . In this experiment, participants were instructed to imagine being either self-critical or self-reassuring in standardised situation scenarios. In our study, we fostered self-relevance and emotional responses by presenting individually tailored self-critical stimuli. The processing self-critical stimuli can be conceptualised as an instance of self-referential processing which has been associated with activity in the default mode network in several independent studies (see van Buuren et al., 2010 for an overview). Within this distributed network the activation of cortical midline structures (CMS) was reported most consistently (Kelley et al., 2002; Fossati et al., 2003; Northoff et al., 2006; Johnson et al., 2009; Lemogne et al., 2011; Qin and Northoff, 2011; D'Argembeau et al., 2012) . Whereas frontal regions of the CMS have been associated with self-focused cognitive processes of evaluation and reappraisal Northoff et al., 2006; Schmitz, 2007; Etkin et al., 2011) , posterior parts within the CMS, namely the precuneus and the posterior cingulate cortex (PCC), are thought to link self-referential stimuli to past experiences (Fink et al., 1996; Cavanna and Trimble, 2006; Northoff et al., 2006) . In addition, activation of the anterior insula has consistently been reported during emotional self-referential tasks (Modinos et al., 2009; Qin and Northoff, 2011) . Considering an association between insula activation and the internally generated recall of subjective feelings and the evaluation of distressing cognitions (Phan et al., 2002; Craig, 2009) , we hypothesise that enhanced insula activity will be observed during confrontation with self-critical stimuli. Furthermore, early emotion theories have already highlighted the critical involvement of the hippocampus-amygdala formation in emotional experiencing (Papez, 1937; MacLean, 1949) . The hippocampus and amygdala are heavily interconnected (Pitkänen et al., 2006) , and their interaction might be particularly important for the encoding of emotional events related to the self (Packard and Cahill, 2001; Phelps, 2004; Buchanan, 2007) .
Processing of self-critical stimuli might not only involve the detection and reflexive experiencing of emotional evocation but could also involve the subsequent regulation of effective responses that preserve emotional control. Being confronted with unobtainable self-standards that are perceived as self-discrepancies, some might recruit reappraisal strategies for protecting the self. The ACC and the superior and inferior lateral frontal regions are assumed to play a central role in the top-down regulation of negative emotions by inhibiting and controlling the activation in limbic regions (Aron et al., 2004; Ochsner et al., 2004; Lieberman et al., 2007; Shackman et al., 2009) . This top-down pathway seems to be centrally involved in successful emotion regulation, and there is growing evidence that the dorsolateral prefrontal cortex (dlPFC) is dysfunctional in its response to negative selfreferential material in clinically depressed patients (Siegle et al., 2007; Hooley et al., 2009; Lemogne et al., 2009) . Correspondingly, Hooley et al. (2005 Hooley et al. ( , 2009 Hooley et al. ( , 2012 showed that remitted depressed patients failed to activate the dlPFC, predominantly in the right hemisphere, when they heard tape-recorded critical utterances by their own mothers.
Excessive self-critical thinking may represent a psychological vulnerability to depressive symptoms (Sherry et al., 2013) . Thus, examining neural activity and the potential risk and protective factors of depression during the processing of self-criticism in healthy subjects may contribute to a better understanding of the interaction between selfcriticism and psychopathology. There is growing evidence suggesting a key role for right frontal brain areas in the distorted top-down pathway of dealing with criticism in depressed patients (Hooley et al., 2012) , but the influence of potential psychological moderators is unclear. Therefore, we investigated the association between activity in the right superior frontal areas during confrontation with self-critical stimuli and self-reported levels of depressive symptomatology, neuroticism, self-judgment and cognitive reappraisal. Mildly depressed mood, neuroticism and self-judgment have been suggested as vulnerability factors of depressive states (Teasdale and Dent, 1987; Neff, 2003) . Cognitive emotion regulation skills, on the other hand, serve as protective factors and are linked to lateral frontal brain areas (Ochsner and Gross, 2008) . Furthermore, recent studies with healthy subjects have reported a positive association between dlPFC activation, self-reported levels of self-criticism (Longe et al., 2010) and perceived criticism by others (Hooley et al., 2012) . These results might reflect enhanced frontal control.
The main goal of this study was to further understand the neural basis of processing self-critical material. Differences in neural activity related to self-critical vs neutral stimuli (contrast 1) may also be attributed to differences in other properties of the stimuli such as human vs non-human, or negative/emotional vs neutral contents. To control for these potential factors we also contrasted self-critical stimuli with negative stimuli that do not have an individual self-referential meaning (contrast 2). This negative non-self-referential category contains stimuli that are negative and potentially self-referential (e.g. dishonest, stupid, unattractive) but were previously marked by the individual as not relevant for the self-concept. Furthermore, we tried to intensify emotional reactions via the use of individualised self-critical stimuli, and we assessed the neural correlates of dealing with perceived selfdiscrepancies. As we confronted participants with personally unpleasant stimuli, we expected to observe enhanced activity in regions associated with self-related emotional responses, namely the anterior insula and the hippocampus-amygdala formation. We also expected the anterior and posterior CMS, which are related to self-referential and autobiographical processing, to have elevated activity levels following stimulation (Northoff et al., 2006) . We further hypothesised that the lateral frontal cortex regions and the ACC would be recruited in an attempt to moderate potential limbic responses to self-threatening material. Based on the available literature about the connections between psychological factors and neural activity described before, we hypothesised that during the processing of self-critical material subjects displaying high levels of depressive symptomatology, neuroticism, and/or self-judgment would exhibit more activity in their right superior frontal areas, whereas subjects displaying high levels of cognitive reappraisal would have reduced activity in these same areas.
MATERIALS AND METHODS Participants
We recruited 20 healthy, right-handed adults (15 women and 5 men with a mean age of 30 years, s.d.: 10.2 years). The participants had no history of neurological or psychiatric illness and no history of drug or alcohol abuse. All participants were native German speakers. The study was approved by the local Ethics Committee, and all subjects gave written informed consent. Subjects' vision was normal or corrected to near normal using contact lenses. Subjects were reimbursed for their participation and time.
Stimuli
We used 24 neutral adjectives and 48 individually selected negative adjectives (24 with individual self-reference and 24 without). All adjectives consisted of 1-3 syllables and 12 letters. Using a German Word Database (http://wortschatz.uni-leipzig.de), we determined that all adjectives reached a frequency level of 20, ensuring common use in the everyday language (frequency level based on Zipfs' law, which states that the reference word the [der] is 2 20 times more frequent than the respective word). The 24 neutral stimuli (e.g. weekly, oval, cursive) were the same for all participants and were preselected by the authors from 100 potentially neutral words. Forty-two volunteers (21 women and 21 men) rated the valence of all adjectives using a scale ranging from À2 (very negative) to þ2 (very positive). Twenty-four adjectives were selected based on the following criteria: modal value of 0, mean value between À0.20 and 0.20 and minimal standard error. The pre-selection of negative stimuli (e.g. fat, boring, jealous) was based on Anderson's list of personality-trait words (Anderson, 1968) and on the German word database. To cover the main classes of personal characteristics in German (Angleitner et al., 1990) , we included adjectives from the following five categories: dispositions (temperament and character traits), abilities and talents, temporary conditions, social and reputational aspects and appearance. Furthermore, we ensured via a web-based and anonymous survey that we did not disregard any important aspects. Volunteers (N ¼ 41, 24 women and 17 men) freely produced adjectives describing negative aspects of themselves or others without restrictions. Taking into account database studies and the free production of adjectives, we chose 52 negative prototypes, which covered the most important personality domains. As a final step, each prototype was supplemented with three synonyms that matched the same objective criteria. We assumed that the synonyms likely activated the same specific self-schema as the prototypical adjective (Markus, 1977) .
Before the fMRI assessment, each participant completed a set of questionnaires and a worksheet, allowing the participant to determine their individual set of self-critical adjectives at home. Subjects were instructed to mark all adjectives in the list of 52 prototypes that they experienced as unwanted self-discrepancies. Next, subjects were asked to select the six prototypes that fit themselves the most; they were also instructed to mark six prototypes that they evaluated as negative in other people but not in themselves. The six self-critical prototypes were rated in terms of their subjective strength of negative evaluation. The following question was asked: 'how negative do you rate this characteristic of yourself?', and responses were evaluated using a Likert scale ranging from 1 ¼ not at all negative to 5 ¼ very negative. Non-selfreferential prototypes were rated in terms of how negative the person judges the respective characteristic in others. The question 'how negative do you rate the characteristic in other people?' was evaluated using the same Likert scale. Based on each person's worksheet, individually tailored experiments were implemented using the Presentation software (Neurobehavioral Systems, http://www.neurobs. com). Stimuli were projected in the middle of a screen appearing on MRI-compatible goggles.
Experimental design
For each subject, we ran one session lasting $12 min; this session included 24 blocks each lasting $29 s (Figure 1 ). Four different types of blocks were presented in randomised order: six neutral blocks, six negative blocks with individualised self-critical adjectives, six blocks with individualised negative adjectives that were not self-critical and six blocks of rest. During the rest blocks, participants were instructed to relax and look at the fixation-cross for 29 s. A neutral block contained four of the 24 neutral adjectives presented in randomised order. Self-critical and negative blocks consisted of the six prototypes that were chosen by participants in advance, and these prototypes were interspersed with their three respective synonyms. Again, the order of presentation was completely randomised. During the experiment, each neutral or negative adjective was presented only once.
During the measurement, participants were instructed to read the adjectives silently and focus on the meaning of the adjectives as well as on their triggered emotional reactions. Each block started with an introduction (3 s) followed by a fixation cross (1 s). The introduction varied depending on the respective condition (neutral: 'it is' ['oval']; negative non-self-referential: 'I am not' ['stupid']; self-critical: 'I am too' ['shy'] ). Subsequently, the four adjectives relating to a particular self-schema were presented. Each adjective was projected for 3 s and followed by a fixation cross for 2 s. At the end of each block, participants were asked to press a specific button within a time period of 5 s. This task served as a low-level attention task and ensured that participants focused on the presented stimuli. As the response rate was 100% we did not have to exclude any subjects due to non-responses. Before the scan protocol was initiated, subjects participated in a practice run with meaningless words.
Image acquisition and data analysis fMRI scanning was performed at the University Hospital of Psychiatry (Zurich, Switzerland) using a 3-T Philips Intera whole-body MR unit equipped with an eight-channel Philips SENSE head coil. Functional time series were acquired with a sensitivity-encoded (Pruessmann et al., 1999) singleshot echo-planar sequence (SENSE-sshEPI). Thirty-six contiguous axial slices were placed along the anterior-posterior commissure plane covering the entire brain. A total of 247 T2*-weighted echo planar image volumes with blood-oxygenlevel-dependent (BOLD) contrast (imaging parameters: repetition time ¼ 3000 ms, echo time ¼ 35 ms, 80 Â 80 voxel matrix, interpolated to 128 Â 128, voxel size ¼ 2.75 Â 2.75 Â 4 mm 3 , SENSE acceleration factor R ¼ 2.0) were acquired. The first four scans were discarded due to T1 saturation effects. For each participant, a T1-weighted high-resolution image was acquired.
For data analysis, we used the SPM8 parametric mapping software (http://www.fil.ion.ucl.ac.uk). Standard pre-processing steps included correction for slice timing, realignment to the first image, co-registration with the high-resolution T1-weighted image, normalisation into a standard stereotactic space (EPI template provided by the Montreal Neurological Institute, new voxel size ¼ 2 Â 2 Â 2 mm 3 ), and smoothing with an 8-mm full width at half-maximum Gaussian kernel. Firstlevel analysis was performed on each subject in a fixed-effect model including the six movement regressors (realignment parameters) and the three condition regressors. The BOLD data were modelled with a block design convolved with the standardised canonical haemodynamic response function and its temporal derivative. Estimated beta-parameters and t-contrast images (containing weighted parameter estimates) were brought to the second-level random effect analysis. For the fMRI data group analysis, contrast images were analysed using onesample t-tests with age and gender as covariates. Regarding the wholebrain analyses of contrast 1 (self-critical > neutral) and contrast 2 (self-critical > negative non-self-referential), statistical images were assessed at P ¼ 0.001 uncorrected (single voxel level) and reported for family-wise error (FWE) correction at the cluster level (P ¼ 0.05). As our a priori hypotheses regarding the insula and the hippocampus-amygdala formation were specific enough, we reported activations for these structures that survived an uncorrected threshold of P < 0.001 on a whole brain level and were significant at P < 0.05 (FWE corrected at the cluster level) after small volume correction (SVC) using anatomical masks of the respective regions. For both contrasts, we applied an extent threshold of > 10 voxels. All coordinates are reported in MNI space. Brain regions were labelled according to the AAL toolbox (Automated Anatomical Labeling; Tzourio Mazoyer et al., 2002) implemented in SPM. For simple correlation analyses between psychometric self-reports and the BOLD signal, four Pearson correlations were calculated using the PASW Statistics 18.0 software package (IBM, Switzerland). Scores of depressive symptomatology, neuroticism, self-judgment and cognitive reappraisal were correlated with mean beta values of the a priori defined right superior frontal area. Significance levels were adjusted for multiple tests using the Bonferroni correction (P < 0.0125, one-tailed). Mean beta values were calculated using an in-house programmed MATLAB script. Anatomical masks for the SVC and the correlation analyses were based on the AAL atlas implemented in the WFU PickAtlas (Maldjian et al., 2003 (Maldjian et al., , 2004 ). Because we expected the hippocampus and amygdala to be coactivated (Buchanan, 2007) , we created one mask including both structures, which we referred to as the hippocampus-amygdala formation. The anatomical mask for the correlation analyses covered a broad right lateral frontal region including parts of Brodmann areas 6, 8, 9, 10 and 46. We extracted mean beta values from this entire brain region. Neural correlates of individualised self-criticism SCAN (2014) Psychometric data Prior to scanning, participants completed a set of self-report questionnaires. To assess depressive symptomatology in a non-psychiatric population, a validated 15-item German short-version of the Center for Epidemiological Studies Depression Scale (CES-D; Radloff, 1977) was administered (Allgemeine Depressionsskala-Kurzform; Hautzinger and Bailer, 1993) . In the CES-D participants are asked to appraise different symptoms of depression during the preceding 1-week-interval on a four-point-rating scale. Furthermore, subjects completed the 26-item German version of the Self-Compassion-Scale (SCS-D; Hupfeld and Ruffieux, 2011). Self-compassion entails being kind and understanding towards oneself in instances of pain of failure rather than being harshly self-critical (SCS; Neff, 2003) . The questionnaire consists of the six subscales Self-kindness, Self-judgment, Common humanity, Isolation, Mindfulness and Over-identification. In this study, we were especially interested in the five-item Self-judgment subscale (e.g. 'When I see aspects of myself that I don't like, I get down on myself') as it reflects harsh self-critical thinking towards oneself, and the four-item Mindfulness subscale (e.g. 'When something painful happens I try to take a balanced view of the situation'). As the Mindfulness subscale captures cognitive reappraisal strategies as well as related emotionfocused strategies in response to adverse stimuli, we used this scale as a proxy for cognitive reappraisal. In the following we will refer to it as cognitive reappraisal rather than mindfulness. We used the German short version of the Big Five Inventory (BFI-K; John et al., 1991) to measure neuroticism as a risk factor of depression with four items (e.g. 'I see myself as someone who is relaxed, handles stress well', reversed scored item). The psychometric properties in the validation samples were satisfactory (Rammstedt and John, 2005) . Distributions of the CES-D, Neuroticism, Mindfulness (cognitive reappraisal) and Self-judgment scales are available as Supplementary Material S1.
RESULTS

Behavioural data
Scores on the CES-D ranged from 1 to 11 (mean 4.55; s.d. 3.19), showing that participants' mood scores generally fell within the normal, healthy range (Hautzinger and Bailer, 1993) . The Self-judgment scores ranged from 1 to 3.25 (mean 2.19; s.d. 0.64), average scores indicating low to moderate self-judgment, the Mindfulness scores ranged from 2.25 to 4.25 (mean 3.28; s.d. 0.52), indicating a distribution from low to high cognitive reappraisal (Neff, 2003) . Sum scores of Neuroticism (BFI) ranged from 7 to 16 (mean 10.7; s.d. 2.39).
Assessment of individualised self-critical and negative non-self-referential adjectives
On the worksheet including 52 potentially self-critical adjectives, participants chose an average of 8.4 (s.d. ¼ 2.4; min ¼ 6; max ¼ 14) self-critical adjectives. Categories, absolute values, percentages and negativity ratings of the twelve marked prototypes with the harshest self-critical and non-self-referential content are reported in Table 1 . Most frequently, adjectives being selected by participants as personally critical belonged to the category dispositions. On the other hand, negative non-self-referential characteristics selected most frequently belonged to the category social and reputational aspects. Moreover, participants rated adjectives describing others as significantly more negative than adjectives describing themselves [t(19) ¼ 8.11, P < 0.001].
FMRI data
Neural activity in response to self-critical material Contrast 1 (self-critical > neutral) yielded multiple large clusters reaching our predefined statistical threshold (Table 2; Figure 2 ).
As hypothesised, confrontation with self-critical material elicited activation of the anterior insula and the hippocampus-amygdala formation. In addition, we found two activated clusters in medial superior frontal areas, extending to lateral superior parts of the right frontal lobe. Furthermore, the contrast evoked a significant increase in the BOLD signal in lateral areas of the bilateral inferior frontal cortex, including the pars triangularis and pars opercularis, extending to the orbital frontal cortex and parts of the middle frontal gyrus in both hemispheres. Moreover, we detected significant signal changes in the middle temporal gyrus (MTG) of the right hemisphere and in the left cerebellum (crus II). Contrast 2 (self-critical > negative non-self-referential) revealed a significant cluster of activation in the medial PCC with a peak value in the left hemisphere and extending to parts of the precuneus (Table 3 ; Figure 2 ). The reverse contrast (negative nonself-referential > self-critical) did not reveal any suprathreshold clusters. Furthermore, contrasting the negative non-self-referential condition with the neutral condition (negative non-self-referential > neutral) did not show significant changes in brain activity. 
DISCUSSION
This study aimed to explore the neural correlates of processing individually tailored self-critical stimuli in healthy subjects. We observed enhanced activation of the hippocampus-amygdala formation and anterior insula when individuals were confronted with self-chosen selfcritical adjectives, both structures implicated in emotional responses. Furthermore, healthy subjects seem to apply cognitive emotion regulation strategies via enhanced recruitment of an extended lateral frontal brain network, and they exhibited enhanced activation in the anterior and posterior CMS, which are related to self-referential and autobiographical memory processes.
At the behavioural level, participants rated adjectives describing others as significantly more negative than adjectives related to the self. The above-average effect could provide an explanation for this finding as people have a pervasive tendency to believe that they are better than others in a multitude of ways (Chambers and Windschitl, 2004) and process feedback in a positively biased way (Korn et al., 2012) . This widely replicated bias is thought to be driven by strivings for self-enhancement and mood maintenance (Alicke, 1985; Taylor and Brown, 1988; Taylor and Armor, 1996) , and this strategy may be a healthy way of dealing with ego-threats.
Contrasting self-critical with neutral stimuli (contrast 1) revealed activation in the anterior insula and the hippocampus-amygdala formation, likely reflecting an emotional response to individualised self-critical material. While, the hippocampus and the amygdala are considered to be co-activated following emotional arousal and retrieval of emotional past experiences (Buchanan, 2007) , the anterior insula is recognised for monitoring internal states related to emotional experiences that emerge as conscious feelings (Damasio et al., 2000) .
Interestingly, Longe et al. (2010) reported insula activation following self-reassurance but not following self-criticism, suggesting that the process of self-criticism may have a more external focus and may exclusively rely on top-down neural processing. A possible explanation for the differing outcomes regarding activation of the insula and limbic structures may be an enhanced emotional involvement during the present task, as participants were not confronted with standardised situation scenarios but individually tailored unpleasant stimuli.
Furthermore, contrast 1 also revealed large bilateral activations of superior and inferior lateral frontal regions. Previous studies reported involvement of the lateral inferior (Aron et al., 2004; Ochsner et al., 2004; Phan et al., 2005; Johnstone et al., 2007) and superior (Davidson, 2000; Ochsner et al., 2002; Phan et al., 2005; Shackman et al., 2009) frontal cortex during inhibition and cognitive emotion regulation. These structures are frequently co-activated during reappraisal and voluntary suppression of negative stimuli, and they are assumed to modulate cortical and subcortical structures (e.g. insula, amygdala and hippocampus) that are involved in emotion experiencing and that are specifically activated in relation to subjective ratings of emotional intensity (see Ochsner and Gross, 2008 for an overview). In previous studies, the superior prefrontal cortex was associated with maintaining and manipulating emotional information in working memory during reappraisal (Northoff et al., 2006; Ochsner and Gross, 2008) , and the inferior part seems to be associated with selecting appropriate reappraisals (Denny et al., 2009) . Therefore, we conclude that the observed pattern of superior and inferior lateral frontal coactivation might reflect cognitive control for adaptively dealing with self-discrepancies, and this activation may prevent individuals from feeling overwhelmed by negative emotions. Interestingly, Lieberman et al. (2007) reported that the right lateral inferior cortex plays a prominent role in the framework of affect labelling. Given that participants in this study were instructed to silently read the words in their heads, the process of putting feelings into words and thereby applying strategies of affect labelling might have facilitated the reappraisal of threatening material. Furthermore, we observed activations in the right MTG and the left cerebellum. Anderson et al. (2004) studied brain regions associated with the inhibition of unwanted memories and found evidence that lateral frontal regions interact with the medial temporal lobe in an attempt to suppress memory recollection. The MTG may therefore support the inhibitory pathway mentioned above. Likewise, the crus II of the left cerebellum, an area strongly interlinked with prefrontal areas, is often reported to be co-activated during emotional and cognitive paradigms, as determined by enhanced BOLD signals in this region (Stoodley and Schmahmann, 2009 ). We could not detect significant differences comparing the negative with the neutral condition. This suggests that the effect of self-critical processing may go beyond mere negativity.
To control for differing attributes of the stimuli other than selfcritical properties (e.g. human vs non-human, or negative/emotional vs neutral), we ran a second contrast (contrast 2, self-critical > negative non-self-referential). This contrast revealed activations in the PCC and in the left precuneus. As participants rated the negative non-selfreferential adjectives as more negative than the self-critical adjectives, we also ran the reverse contrast (negative non-self-referential > selfcritical). This contrast did not show any significant activation. We argue that evaluative processes related to self-critical attributes differ from evaluative processes related to negative characteristics of other people in intensified recall processes of compatible memories. Previous findings demonstrating that posterior regions of the CMS are strongly involved in episodic memory retrieval (Fink et (Hassabis et al., 2007) are consistent with this interpretation. In addition, activity could also capture differences in emotional intensity due to enhanced self-relevance.
We examined the links between potential risk and/or protective factors of clinical depression and neural activation during confrontation with self-critical stimuli, and we observed a positive association between neuroticism and right superior frontal activity. We also observed a negative association between self-reported cognitive reappraisal and neural activity in the same areas. These results may indicate that highly neurotic yet healthy people require stronger right frontal cortex activation to regulate their negative feelings associated with self-criticism. Conversely, people using cognitive reappraisal strategies more frequently may not need to recruit this region to the same degree to achieve the same level of regulation. Cumulatively, we conclude that without other instructions, healthy people likely apply reappraisal strategies via the activation of a broad lateral frontal network. In addition, the degree of right frontal activation might be moderated by personality traits such as neuroticism and habitual use of cognitive reappraisal strategies. This important modulating mechanism is active in healthy persons but could be less apparent in clinically depressed patients, resulting in failure to activate dlPFC during confrontation with self-referential material (Lemogne et al., 2009) , in response to emotional information (Siegle et al., 2007) , and during the processing of critical remarks (Hooley et al., 2005 (Hooley et al., , 2009 (Hooley et al., , 2012 . This might explain the fact that even after complete remission, formerly depressed individuals experience stronger negative feelings in response to personally significant threats (Hooley et al., 2005 (Hooley et al., , 2009 (Hooley et al., , 2012 .
The main limitation of this study lies in the exclusive attribution of the reported activity to self-critical processing. Whereas contrast 2 controlled for stimuli differences such as humanness and negativity, this contrast still fails to control for differences due to self vs other related processing irrespective of valence. To further enhance specificity, an additional condition containing positive self-views would be helpful. Other limitations worth mentioning include first, that the current findings are limited to healthy individuals. To further investigate clinically relevant alterations of the top-down pathway in the context of self-criticism, future studies should include clinically depressed patients. Second, we did not assess information concerning the subjects' experiences in the scanner. Self-reports about potential mood repair strategies (e.g. reappraisal, self-reassurance, mindful regulation) would provide useful additional information about participants' top-down strategies. Third, some concerns may be raised regarding the utilised self-report measures as future studies should Fig. 2 Increased BOLD responses in contrast 1 (self-critical > neutral) are depicted in red and contrast 2 (self-critical > negative non-self-referential) in blue (P < 0.001). Activations are overlaid on a canonical high-resolution structural image in MNI space. The colour bars indicate statistical T variation. cover both constructs, neuroticism and cognitive reappraisal, more broadly using multiple measures. Furthermore, given that the right superior frontal region covers a wide anatomical area, a more detailed anatomical specification is required to better understand the roles of personality factors in relation to the activity of specific subsections of this anatomical area. In summary, the present findings highlight various aspects of selfcriticism processing in healthy subjects, including self-referential processing, evoked emotional responses, associated regulatory processes (contrast 1) and self-specific memory processes (contrast 2). Specifically, our data support the central involvement of a broad lateral frontal network in subjects' dealing with provoked emotional responses, possibly reflecting the recruitment of cognitive reappraisal strategies. Furthermore, right superior frontal areas were moderated by levels of neuroticism and cognitive reappraisal, further supporting the potential clinical relevance of these areas.
SUPPLEMENTARY DATA Supplementary data are available at SCAN online.
